The niche divergence hypothesis suggests that if a species exhibits intersexual differences in diet, selection should favor divergence in the feeding apparatus between the sexes. Recent work revealed that male and female southern sea otters (Enhydra lutris nereis) utilize different dietary resources in response to increased population density; females exhibit more specialized diets as a function of smaller home ranges, whereas males exhibit larger home ranges, potentially allowing them to expand their dietary breadths by feeding on prey items that are not found in female home ranges. These dietary differences suggest the potential for sexual dimorphism of the feeding apparatus (i.e., the skull). Here, we tested the hypothesis that male and female southern sea otters exhibit differences in craniomandibular traits directly related to biting ability. Univariate and multivariate analyses of 12 craniomandibular traits showed that size is the primary axis of skull variation, whereas only a handful of craniomandibular traits demonstrated significant shape differences between the sexes. Relative postorbital constriction breadth, masseter in-lever length, and cranial height differed significantly between the sexes. These 3 traits can increase the surface area of jaw muscle attachment sites and thus are directly linked to the mechanics of biting ability. Collectively, these morphological differences indicate that niche divergence may be an important mechanism maintaining sexual dimorphism in southern sea otters.
The divergence of biological traits between the sexes (sexual dimorphism) is a widespread phenomenon (Fairbairn 2013) . Darwin (1871) was the first to hypothesize that sexual selection is the primary mechanism for the evolution and maintenance of sexual dimorphism in many endotherms. Under sexual selection, sexually dimorphic traits (e.g., ornaments in birds- Dunn et al. 2001 ; antlers in deer-Clutton-Brock 1982; increased body sizes in male pinnipeds-Bartholomew 1970) evolved as a result of intrasexual competition, providing certain individuals greater advantages in breeding opportunities through contests for dominance or attracting the opposite sex (CluttonBrock 2007) . Darwin (1871) and others (Hedrick and Temeles 1989; Shine 1989 ) also postulated that sexual dimorphism could arise through natural selection, specifically intersexual niche divergence. Under this hypothesis, differences in phenotypic traits reflect ecological divergence between the sexes, possibly including reduction of intersexual competition for resources and habitat use (Smith 1987; Berwaerts et al. 2006; Butler et al. 2007; Temeles et al. 2010; McGee and Wainwright 2013) . Empirical evidence for the intersexual niche divergence hypothesis, however, is often difficult to obtain, and few studies have demonstrated a direct link between niche divergence and sexual dimorphism (Hedrick and Temeles 1989; Shine 1989) . Thus, the majority of studies emphasize sexual selection, rather than niche divergence, as the primary mechanism that promotes and maintains sexual dimorphism.
The mammalian order Carnivora provides some of the most striking examples of sexual dimorphism (Lindenfors et al. 2007) where larger males can achieve greater reproductive success by successfully defending breeding territories in male-male competition (Moors 1980; Weckerly 1998; Lindenfors et al. 2002 Lindenfors et al. , 2007 . After body size, craniodental morphology is perhaps the 2nd most prominent feature of sexual size dimorphism in these polygynous carnivorans (Gittleman and Valkenburgh 1997; Brunner et al. 2004; Christiansen and Harris 2012) . Males have larger and more robust craniodental traits, including total cranium length, canines, rostra, masseteric fossa, mastoid breadth, zygomatic breadth, and sagittal crests (Gittleman and Valkenburgh 1997; Brunner et al. 2004; Christiansen and Harris 2012) . Larger craniodental traits translate to increased surface area for jaw muscle attachment sites and larger teeth, thereby allowing for stronger biting ability and heavier heads for use in territorial conflicts with male competitors (Radinsky 1981a (Radinsky , 1981b . Studies of sexual dimorphism in carnivorans are typically focused on species that mate on land. In contrast, carnivorans such as most phocids that mate in the water or on ice are not restricted to small breeding sites (Le Boeuf 1991) . Therefore, males have fewer opportunities to defend and mate with groups of females (Le Boeuf 1991) , and the maintenance of extreme sexual size dimorphism seen in terrestrially mating phocids does not occur (Lindenfors et al. 2002) . Studies investigating intersexual differences in the craniomandibular morphology of these phocids are consistent with this pattern and have found minimal to moderate sexual dimorphism (Amano et al. 2002; Mizuno and Ohtaishi 2002; Mo et al. 2009; Jones and Goswami 2010) .
Like many phocid species, sea otters (Enhydra lutris) exhibit an aquatic polygynous mating system, suggesting that sexual dimorphism typically seen in terrestrially polygynous carnivorans should be reduced. However, when compared to water-or ice-mating phocids (Lindenfors et al. 2002) , sea otters display greater sexual size dimorphism. Male southern sea otters (E. l. nereis) can attain body masses 46% larger than females (mean body masses: males -29.0 kg; females -19.8 kg-Riedman and Estes 1990), whereas the degree of sexual dimorphism in water-or ice-breeding phocids ranges from none to slight male-biased size dimorphism (male species are 0-20% larger) as well as female-biased dimorphism (Lindenfors et al. 2002) . Like most carnivoran clades, malebiased size dimorphism is the ancestral state across mustelids (Moors 1980) . Sexual size dimorphism is generally hypothesized to evolve as a result of male-male competition for access to females (Moors 1980; Ralls and Harvey 1985) , and sexual dimorphism in sea otters is also assumed to have evolved from sexual selection (Estes 1989) . However, although male sea otters establish resource-based territories to attract females (Loughlin 1980; Jameson 1989; Pearson and Davis 2005) , aquatic territories are often difficult to defend from competing males (Jameson 1989; Pearson et al. 2006) . Studies based on daily observations have found that nonterritorial and transient male sea otters use resources and interact with females within the territory of a territorial male and that body masses and body condition do not differ significantly between territorial and transient males (Jameson 1989; Pearson et al. 2006 ). In addition, male otters in some subpopulations switch between defending a territory and actively roaming in search of mating opportunities (Jameson 1989) . These lines of evidence suggest that larger male body sizes may not necessarily confer reproductive success in the aquatic mating system of sea otters, and therefore other selective forces aside from sexual selection may be contributing to the maintenance of sexual dimorphism in this species.
Niche divergence and the partitioning of resources provide an alternative mechanism that could maintain sexual dimorphism in sea otters. As one of the smallest marine mammals, sea otters exhibit the highest known mass-specific metabolic rates of marine mammals (Morrison et al. 1974; Costa and Kooyman 1984; Yeates et al. 2007 ). Consequently, sea otters spend 20-50% of the day foraging (Estes et al. 1986; Ralls and Siniff 1990 ) and must consume 20-25% of their body mass in food per day (Morrison et al. 1974; Costa and Kooyman 1982) . Thus, the morphological, behavioral, and functional traits associated with successful feeding may be under strong selective pressures in sea otters, and intersexual niche divergence in diet could serve as a mechanism to reduce dietary competition between the sexes. Along the central California coast, male and female southern sea otters use different habitat and dietary resources in response to increased population density: individual females exhibit smaller home ranges resulting in individual dietary specialization from increased intraspecific competition, whereas individual males exhibit greater flexibility in their foraging behaviors and may eat a wider variety of prey items due to their larger home ranges (Elliott Smith et al. 2015) . Female southern sea otters are therefore now seen as the primary drivers of intraspecific dietary specialization (Elliott Smith et al. 2015) . As a result, females potentially exhibit increased feeding efficiency or speed in consuming hard-shelled prey compared to male otters (Tinker et al. 2008 (Tinker et al. , 2012 . Adult female sea otters have inherently high costs of reproduction and lactation in which daily energy demands during pup-rearing can increase up to 96% above pre-pregnancy levels (Thometz et al. 2014) . Increased feeding efficiency in females may offset the energetic demands associated with raising pups, which in turn may further facilitate dietary partitioning between the sexes. Although additional work is needed to investigate the extent of resource partitioning (i.e., differences in dietary composition) between male and female otters, the intersexual differences in habitat use, dietary specialization, and feeding efficiency or speed suggest that sexual dimorphism has the potential to influence the functional morphology of feeding in southern sea otters.
If intersexual dietary divergence occurs, we expect to find differences in the feeding apparatus between the sexes. Previous studies have noted that skulls of male southern sea otters are larger (Scheffer 1951; Roest 1985; Wilson et al. 1991) and exhibit a slightly more pronounced sagittal crest compared to females (Hatfield 2006) . A pronounced sagittal crest increases the attachment site for important masticatory muscles, suggesting intersexual differences in biting ability. However, the extent of size and shape differences in craniomandibular traits or their influence on biting ability was not tested in these studies. Therefore, in this study, we take the 1st step in exploring the intersexual niche divergence hypothesis in southern sea otters by quantifying patterns of sexual dimorphism in skull morphology. Specifically, we test the hypothesis that male and female southern sea otters exhibit differences in craniomandibular traits that directly influence biting ability. Our study elucidates patterns of sexual dimorphism in the craniomandibular morphology that may contribute to feeding divergence between the sexes.
Materials and Methods
Specimens. - (Hatfield 2006) and previous studies (Roest 1985; Wilson et al. 1991) , specimens were classified as adults based on the complete closure of cranial sutures including the nasal, frontoparietal, squamosoparietal, exoccipital-basioccipital, and basisphenoid-basioccipital sutures. All specimens were collected from the central California coast, from Half Moon Bay to San Luis Obispo. This area encompasses the section of southern sea otter range that is most food limited (Tinker et al. 2008; Elliott Smith et al. 2015) and thus the location we would expect to see the most niche divergence between male and female sea otters and subsequent morphological differences in the feeding apparatus. Each specimen was photographed in 4 views: 1) cranium in dorsal view, photographed by orienting the palate plane parallel to the photographic plane; 2) cranium in ventral view, photographed by orienting the palate plane parallel to the photographic plane; 3) cranium in lateral view, photographed by orienting the midsagittal plane parallel to the photographic plane; and 4) mandible in lateral view, photographed by orienting the long axis of the dentary parallel to the photographic plane. Photographs were taken using a Canon 70D DSLR camera affixed to a Kaiser 205513 RS-10 copy stand kit. Specimens were placed at a distance of 35 cm away from the camera lens. A ruler with 1 × 1 cm grids was used to ensure no distortion as well as serve as a scale bar. We scaled each image using ImageJ (Schneider et al. 2012 ) and digitally measured 12 craniomandibular traits used in previous analyses of mustelid sexual dimorphism (Lynch et al. 1996; Abramov and Tumanov 2003; Thom and Harrington 2004;  Fig. 1 ; Table 1 ; see Supplementary Data SD2 for covariance matrix) to obtain a comparative dataset. In addition, we calculated the geometric mean size (GMS) of the skulls using all 12 craniomandibular traits. The GMS is derived from the Nth root of the product of N linear measurements and is widely used as a predictor of the size of an individual (e.g., de Ruiter et al. 2013; Collar et al. 2014; Tarnawski et al. 2014; Timm-Davis et al. 2015) .
Transfer of skulls from CDFW-MWVCRC was conducted under the United States Fish and Wildlife Letter of Authorization to CJL.
Analyses of skull sexual dimorphism.-We tested for sexual differences of each craniomandibular trait with analyses of variance (ANOVAs). We adjusted all P-values using a Benjamini-Hochberg correction to reduce the type I error probability across multiple comparisons (Benjamini and Hochberg 1995) . We also assessed the magnitude of sexual dimorphism for each trait using Lovich and Gibbons' (1992) size dimorphism index (SDI- Lovich and Gibbons 1992; Smith 1999; Fairbairn 2007) :
where S L and S S are the mean trait measurements of the larger and smaller sexes, respectively. A negative sign is assigned if the male trait is larger whereas a positive sign is assigned if the female trait is larger. There is no sexual difference if SDI = 0. We then used a discriminant function analysis (DFA) to determine how well the 12 craniomandibular traits distinguished between male and female specimens.
To further examine how size and shape independently contribute to skull sexual dimorphism, we separated shape variation from size variation using a principal components analysis (PCA-Bookstein 1989) . Here, we define size as the variation produced by allometry and shape as size-corrected morphological variation unexplained by allometry. A principal component analysis can be used to separate size and shape in multiple groups assuming that the allometric axes of the groups are parallel (Klingenberg 2016). To determine whether a PCA of the variance-covariance matrix or a common PCA was more appropriate for our dataset, we conducted a Mantel test to examine the correlation between the eigenvector matrices of male and female traits. We found that these 2 matrices are positively associated (r = 1; P = 0.0001) and thus the directions of the allometric axes of males and females are parallel. Therefore, we used a PCA of the variance-covariance matrix to examine effects of size and shape on craniomandibular variation.
When a PCA is computed using a non-size-corrected dataset, the 1st principal component (PC 1) is the best-fitting line that represents the largest variance to the multivariate dataset (Pearson 1901; Jolicoeur and Mosimann 1960) . Latent size is expected to contribute the largest proportion of the total trait variation (Jolicoeur 1963) , and thus PC 1 captures a large proportion of the total trait variation, whereas the subsequent axes (PC 2-PC n) represent size-corrected shape variation (Bookstein 1989) . Because PC 1 accounted for the majority of the variation, we excluded PC 1 in our evaluation of remaining size-corrected PCs to see which axes should be retained. Assessment of the eigenvalues of PCs 2-12 using the brokenstick criterion (Borcard et al. 2011) found that PCs 2-5 should be retained (Supplementary Data SD4) . We then performed a DFA using PCs 2-5 as the dependent variables and sex as the independent variable to assess overall shape differences between males and females as well as determine how well the retained PC axes distinguished between male and female skull shape. We also performed a DFA with just PC 1 to assess overall size differences between males and females.
To reduce skewness and heteroscedasticity across values for all variables, we log-transformed all skull measurements prior to running the PCA. In addition, we checked that all traits exhibited linear relationships with each other and variances were equal between the sexes. We performed all ANOVA and DFA analyses in JMP Pro v12.0.1 (SAS) and all PCA analyses in the R package FactoMineR (Lê et al. 2008 ) and R function evplot (Borcard et al. 2011) . MA describes the proportion of jaw muscle force transmitted to the bite point; relatively higher MA indicates higher force-modified jaws (Kardong 2014) . MA is calculated as the ratio between the in-lever, the distance between the mandibular condyle and the muscle insertion point, and the out-lever, the distance from the mandibular condyle to the bite point. We calculated MA at 2 bite points on the left side of the skull, at the canine and at the 1st lower molar (carnassial). These 2 bite points represent the important bite positions in prey processing for sea otters; biting at the canine is used to pry open hard-shelled invertebrates such as bivalves and crabs, whereas the molars are used to crush items prior to consumption (Riedman and Estes 1990) . We used moment arm of temporalis and moment arm of masseter (MAM) as our temporalis and masseter in-lever (moment arm) distances, respectively, and canine out-lever and molar out-lever (MO) as our canine and 1st lower MO distances, respectively ( Fig. 1 ; Table 1 ). Shapiro-Wilk tests indicated MA exhibited a normal distribution. Thus, we performed ANOVAs to determine whether there were significant sexual differences in MA.
results
Both sexes exhibited overlapping ranges in all 12 craniomandibular traits as well as GMS (Table 2 ). However, with the exception of masseter (MAM) in-lever, the ANOVA tests revealed that males were significantly larger than females for all traits measured (Table 2) . SDI values ranged from −3.6% (MAM) to −9.4% (canine alveoli breadth), indicating that the magnitude of skull sexual dimorphism is not as extreme as the magnitude of body mass sexual dimorphism in southern sea otters. The DFA using all 12 craniomandibular traits found significant differences between the sexes (Wilk's λ = 0.358, F 12,99 = 14.798). Overall, 90.2% of the specimens were properly reclassified as the correct sex, with 89.5% of females and 90.9% of males correctly reclassified as females and males, respectively.
Sexual size dimorphism.-The PCA on the log-transformed morphological traits revealed the first 5 axes accounted for 89.28% of the total skull variance among our specimens. PC Table 1 .-Craniomandibular measurements used to evaluate sexual dimorphism in southern sea otters (Enhydra lutris nereis). CAB = canine alveoli breadth; CBL = condylobasal length; CH = cranial height; CO = canine out-lever; MAM = moment arm of masseter (in-lever); MAT = moment arm of temporalis (in-lever); MB = mastoid breadth; MO = molar out-lever; MPB = maximum palatal breadth; PL = palatal length; POC = postorbital constriction breadth; ZB = zygomatic breadth.
CBL
Distance from the anteriormost point on the premaxillae to the plane of the posterior surface of the occipital condyles POC Least distance across the postorbital constriction ZB Greatest distance across the zygomatic arches MB Greatest distance across the mastoid processes PL Distance from the anteriormost point on the premaxillae to the posteriormost point on the palatine process of the palatine CAB Greatest distance across the lateralmost points on the canine alveoli MPB Greatest distance between the lateralmost points on the upper 1st molar alveoli CH Distance (perpendicular to the palate plane) from the lateralmost point of the mastoid process to the point of the sagittal crest directly superior to the mastoid process CO Distance from the lateralmost point of the condyle process to the anteriormost point of the lower canine alveolus MO Distance from the lateralmost point of the condyle process to the lower 1st molar, specifically the point where the mesial and distal roots converge on the root trunk MAT Distance from the lateralmost point of the mandibular condyle to the dorsal tip of the coronoid process MAM Distance from the lateralmost point of the mandibular condyle to the anterior edge of the masseteric fossa Downloaded from https://academic.oup.com/jmammal/article-abstract/97/6/1764/2629234 by OUP site access user on 08 October 2018 1, the size axis, accounted for 58.51% of the skull variation. The DFA using only PC 1 found significant size differences between males and females (Wilk's λ = 0.703, F 1,110 = 46.364; Fig. 2 ; Table 3 ). Overall, 76.8% of specimens were properly reclassified as the correct sex; percentages of correctly reclassified females and males were 77.2% and 76.4%, respectively. Similarly, the DFA of the geometric mean also found significant size differences between males and females (Wilk's λ = 0.672, F 1,110 = 53.729); 76.79% of specimens were properly reclassified as the correct sex, with 78.95% of females and 74.55% of males correctly reclassified. Sexual shape dimorphism.-The DFA using size-corrected axes (PCs 2-5) revealed significant craniomandibular shape differences between male and female otters (Wilk's λ = 0.772, F 4,107 = 7.887, P < 0.0001). Subsequent examination of the standardized scoring coefficients of each PC axis indicated that traits loading on PC 2 drove the significant difference between the sexes (canonical discriminant coefficient = 0.963), whereas traits loading on PC 3 (−0.017), PC 4 (0.002), or PC 5 (0.355) were not as important. (Supplementary Data SD5) . The traits that loaded strongly on PC 2 were postorbital constriction breadth (POC), cranial height (CH), and masseter in-lever (MAM). The distribution of individuals on this axis reveals that males generally have relatively larger POC and CH but exhibit relatively smaller MAM than females (Fig. 3) . Furthermore, the DFA of the size-corrected axes (PCs 2-5) found that 75.9% of the specimens were properly reclassified as the correct sex; percentages of correctly reclassified females and males were 73.7% and 78.2%, respectively. DFA using PCs 2-12 also indicated identical results (Wilk's λ = 0.654, F 47,100 = 4.799, Table 2 .-Descriptive statistics of craniomandibular traits of male and female southern sea otters (Enhydra lutris nereis). Trait values are in millimeter. F-and P-values from analysis of variance to test for differences in means for each measurement between the sexes. Bold P-values indicate significance (α = 0.05). CAB = canine alveoli breadth; CBL = condylobasal length; CH = cranial height; CO = canine out-lever; GMS = geometric mean size; MAM = moment arm of masseter (in-lever); MAT = moment arm of temporalis (in-lever); MB = mastoid breadth; MO = molar out-lever; MPB = maximum palatal breadth; PL = palatal length; POC = postorbital constriction breadth; ZB = zygomatic breadth. SDI = size dimorphism index. 
discussion
Sexual dimorphism in craniomandibular morphology.-Adult male and female southern sea otters exhibit significant size differences in cranial and mandibular traits, a phenomenon previously recognized by earlier work but not explicitly tested (Scheffer 1951; Roest 1985; Wilson et al. 1991) . We also found that male and female southern sea otters exhibited significant shape differences driven by 3 craniomandibular traits: the postorbital constriction (POC), CH, and masseter in-lever (MAM). These traits can increase the surface area of jaw muscle attachment sites and thus are directly linked to the mechanics of biting ability (Radinsky 1981a (Radinsky , 1981b Gittleman and Valkenburgh 1997) . Our finding that the postorbital constriction is relatively wider in male southern sea otters than in females is unexpected given that previous studies have found narrower postorbital constrictions in the males of various mustelid species (Wiig 1986 (Wiig , 1989 Lynch and O'Sullivan 1993; Abramov and Tumanov 2003; Thom and Harrington 2004) . A relatively narrower postorbital constriction suggests relatively larger temporalis musculature and thus greater biting ability in female sea otters (Radinsky 1981a (Radinsky , 1981b . In congruence, we found that females exhibit relatively longer masseter in-lever length, which similarly suggests that females have relatively larger masseter musculature and can generate a relatively stronger bite than males. In contrast, we also found that males exhibited relatively taller crania, which can be attributed to a more pronounced sagittal crest compared to females (Hatfield 2006) . A more pronounced sagittal crest increases the surface area for temporalis muscles to attach and thus may contribute to a greater bite force. Therefore, our skull shape analyses suggest 2 alternative hypotheses: either females can generate a relatively larger bite force than males, or alternatively, males can generate a relatively larger bite force than females. To add further complication, using MA as a proxy for biting ability supports neither of these hypotheses; we found no significant differences in temporalis MA and masseter MA between the sexes. A possible explanation for the lack of congruence between these skull shape differences (postorbital constriction width, in-lever length, and cranium-sagittal crest height) and MA is the potential for many-to-one mapping (sensu Alfaro et al. 2005; Wainwright et al. 2005) of skull traits to feeding performance. Under this concept, variation in skull elements between male and female otters can enhance different aspects of feeding mechanics (i.e., narrower postorbital constrictions and longer masseter in-lever in females but taller crania and more pronounced sagittal crests in males); however, both male and female otters still produce the same biting ability as estimated by MA. Thus, intersexual differences in morphological variation and functional variation (i.e., biting ability) may not be tightly correlated in sea otters. Nevertheless, future studies using more rigorous methods of quantifying biting ability with both skeletal and muscular elements may be warranted to truly tease apart the sexual dimorphic patterns in skull shape and function.
Comparison with other otter species.-Sexual size dimorphism was previously studied in the skulls of Asian sea otters (E. l. lutris) along the coast of the Kamchatka Peninsula, Russia (Hattori et al. 2003) . Similar to southern sea otters, Asian sea otters exhibited male-biased sexual size dimorphism but high variance in the size of skull traits with considerable overlap Table 3 .-Trait loadings for the first 5 PCs, explaining 89.25% of the variance in craniomandibular traits of southern sea otters (Enhydra lutris nereis). Percentage of the total variance explained by each of the 5 PCs are in parentheses. Examination of the standardized scoring coefficients from a discriminant function analysis of each PC axes indicated that traits loading strongly on PC 2 (bolded) drove the significant difference between the sexes. CAB = canine alveoli breadth; CBL = condylobasal length; CH = cranial height; CO = canine out-lever; MAM = moment arm of masseter (in-lever); MAT = moment arm of temporalis (in-lever); MB = mastoid breadth; MO = molar out-lever; MPB = maximum palatal breadth; PL = palatal length; POC = postorbital constriction breadth; ZB = zygomatic breadth. SDI = size dimorphism index. PC = principal component. between the sexes (Hattori et al. 2003) . However, our analyses found that the magnitudes of sexual size dimorphism in southern sea otters are higher compared to Asian sea otters as well as northern sea otters (E. l. kenyoni- Wilson et al. 1991; Supplementary Data SD6) . For example, the SDI value of the condylobasal length in southern sea otters was −6.9%, whereas the SDI value for the same trait was −5.4% in Asian sea otters and −5.1% in northern sea otters (Table 2 ; Supplementary Data SD6). Furthermore, Hattori et al. (2003) found even lower magnitudes of sexual dimorphism in Cape Lopatka's Asian sea otter population, where the SDI value of the condylobasal length was −1.6%. That the southern sea otter, the smallest of the 3 subspecies, exhibited the greatest magnitude of sexual dimorphism contradicts Rensch's rule, which states that sexual size dimorphism increases with increasing body size in taxa where males are the larger sex (Rensch 1950; Abouheif and Fairbairn 1997; Lindenfors et al. 2007) . A possible explanation for why we found higher SDI values in our samples is the fact that all of our specimens originated from the central California coast, a food-limited environment resulting in an increase in niche divergence between the sexes. A small population of southern sea otters is also found along the resource-rich coast of San Nicholas Island, California (Tinker et al. 2008) , and how SDI values compare with the SDI values from our study is unknown. Thus, although it has been shown that there is great skull variation between the 3 subspecies (Wilson et al. 1991) , additional work is required to further evaluate and compare the extent of sexual dimorphism both between and within these subspecies. Although sexual size dimorphism is found in all 13 otter species (Kruuk 2006) , few studies have investigated patterns of sexual dimorphism in the skulls of otters. Eurasian otters (Lutra lutra) and Neotropical otters (Lontra longicaudis) are the only species to have been examined, and morphometric analyses indicate that both species exhibit cranial size dimorphism in which males are larger (Lynch and O'Sullivan 1993; Baryshnikov and Puzachenko 2012; Hernández-Romero et al. 2015) . In addition, Eurasian otters also exhibited intersexual differences in cranial shape, and some of these traits (i.e., relatively narrower postorbital constriction) indicated that males have a relatively stronger biting ability than females (Lynch and O'Sullivan 1993; Lynch et al. 1996) . Consistent with the niche divergence hypothesis, male Eurasian otters have been observed to eat larger prey items (Kruuk and Moorhouse 1990). Nevertheless, like the majority of mustelids, the maintenance of sexual size dimorphism in otters is often attributed to sexual selection in which males with larger body sizes and cranial morphologies are presumably able to gain bigger and better quality territories for increased reproductive success (Moors 1980; Kruuk 2006) . Whether niche divergence serves as a mechanism in the maintenance in sexual dimorphism in all otter species remains to be investigated.
Implications on sea otter sexual dimorphism.-The niche divergence hypothesis suggests that if a species exhibits intersexual differences in diet, selection should favor divergence in the feeding apparatus between the sexes (Darwin 1871) . In southern sea otters, males and females exhibit differences in the degree of dietary specialization in response to a resource-poor environment (Elliott Smith et al. 2015) , providing a potential cause for sexual dimorphism of the skull. Our investigation of sexual dimorphism in the skull morphology found that southern sea otters exhibit sexual size dimorphism in the majority of the craniomandibular traits measured as well as some aspects of skull shape dimorphism that may potentially lead to differences in biting performance, specifically bite force. These significant differences between craniomandibular features suggest that niche divergence may be an important mechanism for the maintenance of sexual dimorphism in sea otters. However, we acknowledge that additional work is needed to not only further tease apart patterns of sexual dimorphism in sea otter form and function, but also to provide a better understanding of how intersexual variation in foraging ecology (i.e., dietary specialization, prey encounter rate, and feeding efficiencies) and feeding behaviors (i.e., tool use) affects resource partitioning between the sexes. Simultaneous investigation of the intersexual differences in both functional morphology and foraging ecology will further elucidate how niche divergence may aid in the maintenance of sexual dimorphism in sea otters as well as in other animals.
Alternatively, we cannot discount the hypothesis that sexual selection serves as a mechanism that produced and also maintains sexual dimorphism in sea otters. In fact, niche divergence and sexual selection are not mutually exclusive processes. In addition, sexual dimorphism in sea otters may be the result of phylogenetic history, albeit there is great variability in the degree of sexual size dimorphism across mustelids. Future studies examining the evolution of the degree of sexual dimorphism in body size will further elucidate how evolutionary history influences sexual dimorphism in sea otters. Supplementary Data SD6.-Means of craniomandibular traits for female and male sea otters taken from Wilson et al. (1991) and Hattori et al. (2003) . Trait values are in either mm or cm. SDI values were calculated using Lovich and Gibbon's (1992) 
